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[0001] This application claims the benefit of Korean Application 

No. 10-2000-80210 filed on December 22, 2000, which is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to a flat panel display 
device, and more particularly, to a flat luminescence lamp and 
method for manufacturing the same. Although the present 
invention is suitable for a wide scope of applications, it is 
particularly suitable for reducing size of the lamp,, thereby 
enhancing luminescence . 
Discussion of the Related Art 

[0003]An ultra thin flat panel display device has a display 
screen with a thickness of several centimeters. Especially, 
liquid crystal display (LCD) devices among the flat panel display 
device are widely used for monitors of notebook computers, 
spacecrafts, and aircrafts. 

[0004] Of such LCDs, a passive luminescence LCD device has a 
backlight attached at the rear side of a liquid crystal panel and 
used as a light source. However, the backlight is generally 

inefficient in terms of weight, power consumption, and thickness. 
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[0005]The backlight used as a light source of an LCD is formed in 

such a manner that a cylindrical fluorescent lamp is arranged 
thereon. The backlight includes a direct type and a light- 
guiding plate type. 

[0006] In the direct type backlight, a fluorescent lamp is mounted 
on a flat panel. Since a shape of the fluorescent lamp is 
displayed on a liquid crystal panel, it is necessary to maintain 
a certain distance between the fluorescent lamp and the liquid 
crystal panel and arrange a light- scattering means for a uniform 
light distribution. In this case, there is a limitation in 
forming a thin sized backlight. 

[0007] Due to a trend of a large sized panel, a light-emitting 
area of the backlight increases. If the direct type backlight' 
has a large area, the light-scattering means should have a 
sufficient thickness to make the light-emitting area flat. In 
this case, there is also a limitation in forming a thin sized 
oacklight . 

[0008] In the light-guiding plate type, a fluorescent lamp is 
mounted outside the flat panel so that light is dispersed in all 
sides using a light-guiding plate. In this case, since the 
fluorescent lamp is mounted at the side and light should pass 
through the light-guiding plate, a problem arises in that 
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luminance is low. Also, for a uniform distribution of luminous 

intensity, an advanced optical design and processing technologies 

are required. 

[0009] Currently, for high luminance, a direct type backlight has 
been proposed in which a number of lamps are arranged below the 
display surface or a lamp is arranged in a bent shape. Further, 
a flat luminescent backlight having a flat surface facing into 
the display surface of the panel, thereby illuminating from the 
entire surface has been researched and developed. This type of 
the flat luminescent backlight. is disclosed in the US Patent No. 
6,034,470. 

[0010]A related art flat luminescent lamp will be described with 
reference to the accompanying drawings. 

[0011] FIG. 1 is a plane view illustrating a related art flat 
luminescent lamp, and FIG. 2 is a cross-sectional view taken 
along the line II-II of FIG. 1. 

[0012]As shown in FIG. 1, the related art flat luminescent lamp 
includes a lower substrate 11, an upper substrate 11a, cathodes 
13 formed on the lower substrate 11, anodes 13a formed on the 
upper substrate 11a, four frames 19a, 19b, 19c, and 19d for 
sealing the lower and upper substrates 11a and 11 by a soldering 
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such as a glass solder, and a plurality of support rods 21 formed 

between the lower and upper substrates 11 and 11a. 

[0013]More specifically, the anodes 13a are formed in pairs at 

constant intervals. The cathodes 13 are formed on the 

corresponding lower substrate 11 between the anodes 13a. The 

cathodes 13 and the anodes 13a are coated with a dielectric 

material, and an external voltage is applied to the cathodes 13 

and the anodes 13a through a lead line. 

[ 0014 ] Surf aces of the upper and lower substrates 11a and 11 
facing into a discharge space are coated with a fluorescent 
material. In the discharge space, a Xe gas inducing discharge 
forms plasma and emits ultraviolet rays (UV) . The emitted UV 
comes into collision with the fluorescent material on the upper 
and lower substrates 11a and 11. For this reason, the UV is 
excited to generate visible rays. 

[0015] Additionally, a reflecting plate 14 (shown in FIG. 2) is 
further provided over the lower substrate 11. The reflecting 
plate 14 serves to prevent the visible rays generated in the 
discharge space from leaking out to the rear side of the lower 
substrate 11. The support rods 21 are made of a glass material 
so as not to interrupt emission of the visible rays. 
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[0016] Referring to FIG. 2, the cathodes 13 are formed on the 

lower substrate 11 of a glass material. A first dielectric 

material layer 12 is formed on the lower substrate 11 including 

the cathodes 13. The reflecting plate 14 is formed on the first 

dielectric material layer 12 and a first phosphor layer 15 is 

formed on the reflecting plate 14. The anodes 13a that induce 

discharge together with the cathodes 13 are formed on the upper 

substrate 11a of a glass material. 

[0017]A second dielectric material layer 12a is formed on the 
upper substrate 11a including the anodes 13a. A second phosphor 
layer 15a is formed on the second dielectric material layer 12a. 
On the upper and lower substrates 11a and 11, frames 19a, 19b, 
19c, and 19d are formed thereon to seal the upper and lower 
substrates 11a and 11 by a glass solder. It is well known that 
the cathodes 13 and the anodes 13a are formed by silk printing or 
a vapor deposition process. 

[0018] In the aforementioned related art flat luminescent lamp, if 
a voltage is applied to the cathodes 13 and the anodes 13a 
through a lead line, a Xe gas forms plasma in the discharge space 
between the cathodes 13 and the anodes 13a, thereby emitting UV. 
In this process, the UV comes into collision with the first and 
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second phosphor layers 15 and 15a to generate visible rays, so 

that the UV is emitted. 

[0019] However, the related art flat luminescent lamp has several 
problems as follows . 

[0020] Since the cathodes and the anodes are formed by silk 
printing or a vapor deposition process, there is a limitation in 
reducing the widths of the cathodes and the anodes at 0.2mm (a 
minimum value) or below. Accordingly, luminous uniformity of the 
light-emitting area is deteriorated due to obscure rays near the 
cathodes and the anodes and discontinuity in plasma. 

SUMMARY OF THE INVENTION 

[0021]Accordingly, the present invention is directed to a flat 
luminescence lamp and method for manufacturing the same that 
substantially obviates one or more of problems due to limitations 
and disadvantages of the related art. 

[0022] Another object of the present invention is to provide a 
flat luminescence lamp and method for manufacturing the same in 
which a problem related to obscure rays is solved by minimizing a 
width of electrodes of the flat luminescence lamp. 
[0023]A further object of the present invention is to provide a 
flat luminescent lamp and method for manufacturing the same in 
which luminous uniformity is improved by minimizing the number of 
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diffusion sheets, thereby minimizing a thickness and a weight of 

the lamp. 

[0024 ] Additional features and advantages of the invention will be 
set forth in the description, which follows and in part will be 
apparent from the description, or may be learned by practice of 
the invention. The objectives and other advantages of the 
invention will be realized and attained by the structure 
particularly pointed out in the written description and claims 
hereof as well as the appended drawings. 

[0025] To achieve these and other advantages and in accordance 
with the purpose of the present invention, as embodied and 
broadly described, a flat luminescent lamp includes first and 
second substrates each having a plurality of grooves in sides 
which the first and second substrates face into each other, first 
and second electrodes positioned in the grooves, -first and second 
phosphor layers on the first and second substrates including the 
first and second electrodes, respectively, and a frame for 
sealing the first and second substrates. 

[0026] In another aspect of the present invention, a luminescent 
lamp includes a first substrate having a plurality of grooves 
therein, a second substrate having a flat surface, first and 
second electrodes buried in the grooves, a first phosphor layer 

8 



PATENT APPLICATION 
ATTORNEY DOCKET No.: 041501-5440 
formed on the first substrate including the first and second 

electrodes, a second phosphor layer formed on the second 

substrate, and a frame for sealing the first and second 

substrates so that the substrates face into each other. 

[0027] In another aspect of the present invention, a flat 

luminescent lamp includes first and second substrates each having 

a plurality of grooves therein, first and second electrodes in 

the grooves, each electrode having a width narrower ■ than the 

grooves, phosphor layers on the first and second substrates 

including the first and second electrodes, and a frame for 

sealing the first and second substrates so that the substrates 

face into each other. 

[0028] In another aspect of the present invention, a flat 
luminescent lamp includes a first substrate having a plurality of 
grooves therein, a second substrate having a substantially flat 
surface, first and second electrodes, each electrode having a- 
width narrower than the grooves, a first phosphor layer on the 
first substrate including the first and second electrodes, a 
second phosphor layer on the second substrate, and a frame for 
sealing the first and second substrates so that the substrates 
face into each other. 
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[0029] In another aspect of the present invention, a method for 

manufacturing a flat luminescent lamp, having first and second 

substrates, includes the steps of forming a plurality of grooves 

in the first and second substrates, forming an electrode material 

layer on the first and second substrates including the grooves, 

flatting a surface of the electrode material layer, forming a 

phosphor layer on the electrode material layer, and sealing the 

first and second substrates to face into each other. 

[0030] In a further aspect of the present invention, a method for 

manufacturing a flat luminescent lamp, includes the steps of 

forming a plurality of grooves in first and second substrates, 

forming an electrode material layer on the first and second 

substrates including the grooves, forming first and second 

electrodes in the grooves by selectively removing the electrode 

material layer, the first and second electrodes having a width 

narrower than the grooves, forming phosphor layers on the first 

and second substrates including the first and second electrodes, 

and sealing the first and second substrates to face into each 

other . 

[0031] It is to be understood that both the foregoing general 
description and the following detailed description are exemplary 
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and explanatory and are intended to provide further explanation 

of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] The accompanying drawings, which are included to provide a 
further understanding of the invention and are incorporated in . 
and constitute a part of this application, illustrate embodiments 
of the invention and together with the description serve to 
explain the principle of the invention. 
[0033] In the drawings: 

[0034JFIG. 1 is a plane view illustrating a related art flat 
luminescent lamp; 

[0035] FIG. 2 is a cross- sectional view taken along the line II-II 
of FIG. 1; 

[0036]FIG. 3 is a cross-sectional view illustrating a flat 
luminescent lamp according to a first embodiment of the present 
invention; 

[0037]FIGs. 4A to 4E are cross-sectional views illustrating 
process steps of manufacturing a flat luminescent lamp according 
to the first embodiment of the present invention; 
[0038]FIG. 5 is a cross-sectional view illustrating a flat 
luminescent lamp according to a second embodiment of the present 
invention; 
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[0039]FIG. 6 is a cross-sectional view illustrating a flat 

luminescent lamp according to a third embodiment of the present 

invention; 

[0040] FIGs. 7A to 7E are sectional views illustrating process 
steps of manufacturing a flat luminescent lamp according to the 
third embodiment of the present invention; and 
[0041]FIG. 8 is a cross-sectional view illustrating a flat 
luminescent lamp according to a fourth embodiment of the present 
invention . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0042] Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which are 
illustrated in the accompanying drawings. Wherever possible, the 
same reference numbers will be used throughout the drawings to 
refer to the same or like parts. 

[0043] FIG. 3 is a cross-sectional view illustrating a flat 
luminescent lamp according to a first embodiment of the present 
invention, and FIGs. 4A to 4D are cross-sectional views 
illustrating process steps of manufacturing. a flat luminescent 
lamp according to the first embodiment of the present invention. 
[0044]As shown in FIG. 3, the flat luminescent lamp according to 
the first embodiment of the present invention includes a first 
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substrate 31 having a plurality of grooves therein and first 

electrodes 33 buried in the grooves. Further, a first dielectric 

layer 35 is formed on the first substrate 31 including the first 

electrodes 33. A reflecting material layer 37 is formed on the 

first dielectric layer 35 and a first phosphor layer 39 is formed 

on the reflecting material layer 37. 

[0045] Similarly, a second substrate 31a has a plurality of 
grooves therein and second electrodes 33a are buried in the 
grooves of the second substrate 31a. A second dielectric layer 
35a is formed on the second substrate 31a including the second 
electrodes 33 and a second phosphor layer 39a is formed on the 
second dielectric layer 35a. A frame (not shown) is further 
formed for sealing the first substrate 31 and the second 
substrate 31a. 

[0046]Upper surfaces of the first and second electrodes 33 and 
33a have the same vertical level as the surfaces of the first and 
second substrates 31 and 31a. This can be achieved by flatting 
an electrode material layer by a chemical mechanical polishing 
(CMP) process after forming the electrode material layer on the 
entire surface including the grooves. 

[0047]The reflecting material layer 37 serves to prevent white 
light from leaking out to the first substrate 31. The white 
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light is generated by collision of the UV generated by discharge 

between the first and second electrodes 33 and 33a with the 

phosphor layers. 

[0048]The first and second electrodes 33 and 33a may be formed of 
a metal with a low specific resistance. The second electrode 33a 
is preferably formed of a transparent conductive material such as 
indium tin oxide (ITO) . 

[0049]The first electrode 33 and the second electrode 33a are 
connected with an external power source through a lead line (not 
shown in FIG. 3). A unipolar pulse voltage is supplied to the 
lead line during discharge. 

[0050] In the aforementioned flat luminescent lamp, if the voltage 
is applied to the first and second electrodes '33 and 33a through 
the lead line, a Xe gas forms plasma and emits UV in a discharge 
space between the first and second electrodes 33 and 33a. In 
this process, the UV comes into collision with the first and 
second phosphor layers 39 and 39a to generate white light, so 
that the white light is emitted. 

[0051] In addition, a diffusion sheet (not shown) may further be 
provided on the rear side of the second substrate 31a to emit the 
generated white light along the entire region of the lamp. 
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[0052]A method of fabricating the flat luminescent lamp according 

to the first embodiment of the present invention will now be 

described with reference to FIGs. 4A to 4E. 

[0053]As shown in FIG. 4A, a plurality of grooves 100 are formed 
by molding or etching the first and second substrates 31 and 31a. 
The grooves 100 have a stripe shape along the longitudinal 
direction of the substrates 31 and 31a. 

[0054] Thereafter, as shown in FIG. 4B, the electrode material 
layer 32 is formed on the entire surfaces of the first and second 
substrates 31 and 31a including in the grooves 100. As shown in 
FIG. 4C, the surfaces of the first and second substrates 31 and 
31a are flatted by a CMP process. 

[0055] Accordingly, the electrode material layer 32 is buried in 
the grooves 100 formed in the first and second substrates 31 and 
31a, so that the first and second electrodes 33 and 33a are 
formed therein. The first electrode 33 serving as a cathode is 
formed in the grooves 100 of the first substrate 31 while the 
second electrode 33a serving as an anode is formed in the grooves 
100 of the second substrate 31a. 

[0056]After first and second electrodes 33 and 33a are 
respectively formed on the first and second substrate 31 and 31a, 
as shown in FIG. 4D, the first and second dielectric layers 35 
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and 35a are formed on the respective substrates including the 

first and second electrodes 33 and 33a. 

[0057] Thereafter , a reflecting material layer 37 is formed on the 
first dielectric layer 35, which was formed on the first 
substrate 31. The white light generated during the discharge is 
prevented from leaking out to the first substrate 31. As shown 
in FIG. 4E, a first phosphor layer 39 is then formed on the 
entire surface including the reflecting material layer 37. 
Similarly, a second phosphor layer 39a is formed on the entire 
surface including the second dielectric layer 35a, which was 
formed on the second substrate 31a. 

[0058] Subsequently, the ^irst substrate 31 and the second 
substrate 31a are bonded to each other and a phosphor gas is 
injected between them through a gas injection hole. The 
substrates are seafted by forming the frame by soldering using a 
glass solder. ifhus, the process for manufacturing the flat 
luminescent ^mp according to the first embodiment of the present 
invention ifs completed. 

[0059] FIG. 5 is a cross-sectional view illustrating a flat 
luminescent lamp according to a second embodiment of the present 
invention . 
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[0060]Unlike the first embodiment, in the second embodiment of 

the present invention, both first and second electrodes 43 and 

43a are formed on a first substrate 41. Adjacent grooves are 

formed in the first substrate 41, and first and second electrodes 

43 and 43a are formed in the respective grooves. Since the second 

electrode 43a is formed in the first substrate 41 in parallel to 

the first electrode 43, a groove is not necessary in the second 

substrate 41a. 

[0061] Accordingly, no dielectric layer is required on the second 
substrate 41a, and only a second phosphor layer 49a is formed on 
the second substrate 41a to form a discharge space together with 
the first phosphor layer 49. A reference numeral 45, which is not 
described, denotes a dielectric layer while a reference numeral 
47 denotes a reflecting material layer. 

[0062]A method for manufacturing a flat luminescent lamp 
according to the second embodiment of the present invention is 
similar to the first embodiment of the present invention except 
for the process step of forming the grooves only in the first 
substrate 41. Accordingly, its descriptions will be omitted for 
convenience. 

[0063] FIG. 6 is a cross- sectional view illustrating a flat 
luminescent lamp according to a third embodiment of the present 

17 



PATENT APPLICATION 
ATTORNEY DOCKET No.: 041501-5440 
invention, and FIGs. 7A to 7E are cross-sectional views 

illustrating the process steps of manufacturing a flat 

luminescent lamp according to the third embodiment of the present 

invention . 

[0064]As shown in FIG. 6, the flat luminescent lamp according to 
the third embodiment of the present invention includes first and 
second substrates 51 and 51a provided with a plurality of grooves. 
First electrodes 53 are buried in the grooves of the first 
substrate 51. The first electrodes 53 have a width smaller than 
the grooves of the first substrate 51. Second electrodes 53a are 
formed in the grooves of the second substrate 51a. The second 
electrodes 53a have a width smaller than the grooves of. the 
second substrate 51a. First and second dielectric layers 55 and 
55a are respectively formed on the first and second substrates 51 
and 51a including the first and second electrodes 53 and 53a. A 
reflecting material layer 57 respectively is formed on the first 
dielectric layer 55, which was formed on the first substrate 51. 
First and second phosphor layers 59 and 59a are formed on the 
entire surface including the reflecting material layer 57 and the 
second dielectric layer 55a. First and second frames (not shown) 
are formed for sealing the first substrate 31 and the second 
substrate 31a. 
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[0065]The first and second electrodes 53 and 53a are formed by 

using a photolithography process. The reflecting material layer 

57 serves to prevent white light from leaking out to the first 

substrate 51. The white light is generated by the collision of 

UV generated by discharge between the first and second electrodes 

53 and 53a with the phosphor layers. 

[0066] The first and second electrodes 53 and 53a include a metal 
having a low specific resistance. The second electrode 53a is 
preferably formed of a transparent conductive material. The 
first electrode 53 and the second electrode 53a are respectively 
connected to an external power source through a lead line, and a 
unipolar pulse voltage is supplied to the lead line during 
discharge . 

[0067] In the aforementioned flat luminescent lamp according to 
the third embodiment of the present invention, if the voltage is 
applied to the first and second electrodes 53 and 53a through the 
lead line, an Xe gas forms plasma and emits UV in a discharge 
space between the first and second electrodes 53 and 53a. In 
this process, the UV comes into collision with the first and 
second phosphor layers 59 and 59a to generate white light, so 
that the white light is emitted. 
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[0068] Further , a diffusion sheet may be provided on the rear side 

of the second substrate 51a to emit the generated white light 

along the whole region of the lamp. 

[0069]A method for manufacturing the flat luminescent lamp 
according to the third embodiment of the present invention will 
now be described with reference to FIGs. 7A to 7E. 
[0070]As shown in FIG. 7A, a plurality of grooves 200 are formed 
by molding or etching the first and second substrates 51 and 51a. 
The grooves 200 have a stripe shape along the longitudinal 
direction of the substrates. 

[0071] Afterwards, as shown in FIG. 7B, an electrode material 
layer 52 is formed on the entire surfaces of the first and second 
substrates 51 and 51a including in the grooves 200. Subsequently, 
a photoresist material 201 is deposited on the electrode material 
layer 52 and then patterned by exposure and developing processes. 
As shown in FIG. 7C, the electrode material layer 52 is 
selectively etched by an etching process using the patterned 
photoresist material 201 as a mask so that the first and second 
electrodes 53 and 53a are formed in the grooves 200. Both the 
first and second electrodes 53 and 53a have a width smaller than 
the grooves 200. 



20 



PATENT APPLICATION 
ATTORNEY DOCKET No.: 041501-5440 
[0072]At this time/ a thickness of the first and second 

electrodes 53 and 53a can be controlled by accurately controlling 

a deposition thickness of the electrode material layer 52. Also, 

the first and second electrodes 53 and 53a formed in the grooves 

may have flat surfaces by controlling the width of the grooves. 

[0073]After the first and second electrodes 53 and 53a are 

respectively formed on the first and second substrate 51 and 51a, 

as shown in FIG. 7D, the first and second dielectric layers 55 

and 55a are formed on the respective substrates including the 

first and second electrodes 53 and 53a. 

[0074] Thereafter, a reflecting material layer 57 is formed on the 
first dielectric layer 55 formed on the first substrate 51 so 
that white light generated during discharge is prevented from 
leaking out to the first substrate 51. As shown in FIG. IE, a 
first phosphor layer 59 is then formed on the entire surface 
including the reflecting material layer 57 . Also, a second 
phosphor layer 59a is formed on the entire surface including the 
second dielectric layer 55a formed on the second substrate 51a. 
[0075] Subsequently, the fifrst substrate 51 and the second 
substrate 51a are bondedr to each other and a phosphor gas is 
injected between them /hrough a gas injection hole (not shown). 
Thus, the substrates/51 and 51a are sealed by forming frames 
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through soldering using such afc , a glass solder. Finally, a 

process for manufacturing Vne flat luminescent lamp according to 

the third embodiment of Jthe present invention is completed. 

[0076] FIG. 8 is a cross-sectional view illustrating a flat 

luminescent lamp according to a fourth embodiment of the present 

invention. In the fourth embodiment of the present invention, 

unlike the third embodiment, both first and second electrodes 63 

and 63a are formed on a single substrate. 

[0077]More specifically, the first and second electrodes 63 and 
63a are respectively formed in adjacent grooves formed in a first 
substrate 61. A dielectric layer 65 is formed on the entire 
surface including the first and second electrodes 63 and 63a. A 
reflecting material layer 67 and a first phosphor layer 69 are 
sequentially formed on the dielectric layer 65. 

[0078] Since the first and second electrodes 63 and 63a are formed 
in the first substrate 61, no dielectric layer is necessary in 
the second substrate 61a. A second phosphor layer 69a is only 
formed in the second substrate 61a to form a discharge space 
together with the first phosphor layer 69. 

[0079]A method of manufacturing a flat luminescent lamp according 
to the fourth embodiment of the present invention is similar to 
the third embodiment except for the process step of forming the 

22 



m 

m 

.3 



PATENT APPLICATION 
ATTORNEY DOCKET No.: 041501-5440 
grooves for the first and second electrodes only in the first 

substrate. Accordingly, other detailed descriptions will be 

omitted for simplicity. 

[0080]As described above, the flat luminescent device and the 
method for manufacturing the same according to the present 
invention have the following advantages. 

[0081] Since the flat luminescent lamp is formed by a CMP or 
photolithography process, a width of the electrode is reduced by 
an order of pm . Accordingly, the problem related to obscure rays 
due to the broad width of the electrode is resolved in the 
present invention. As a result, the number of diffusion sheets, 
which will be formed on the lamp, is reduced, thereby minimizing 
thickness and weight of the lamp as well as manufacturing cost. 
[0082] It will be apparent to those skilled in the art that 
various modifications and variations can be made in the flat 
luminescence lamp and method for manufacturing the same of the 
present invention without departing from the spirit or scope of 
the inventions. Thus, it is intended that the present invention 
covers the modifications and variations of this invention 
provided they come within the scope of the appended claims and 
their equivalents . 
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